restoring wetlands, not owning a car, and living in a 7 m 2 cottage.
Any advice for someone starting a career in ecology and conservation science? Field work is not like watching documentaries. An hour-long program can take years to shoot and shows only the most exciting stuff. You don't see the tedium, the sweat, and hard work required. Most field research is tedious, often requires long days, and an early rise. It can be brutal, especially if you spent the night working on a paper. Field work is safer than traffic, but to a city-dweller, the imagined possibilities can be terrifying. Some eager students fled my Turkish research station after one day because they were terrified about harmless wild boars. By volunteering, you are doing yourself a favor. If you have a positive attitude and good work ethic, volunteering can be a ticket to a paying position. Ecology and conservation are highly competitive, so field experience will increase chances of landing a job or graduate position. For your PhD, research your potential advisors well. Find the right people, rather than focusing on schools. Your PhD advisor will shape your career, so ask around and talk to his/her students and colleagues. A good, supportive mentor at an apparently 'mediocre' school is much better for you than a bad advisor at a top school.
Collaboration or competition?
Science thrives on both, but we need more collaboration, especially in conservation. The academic model parallels the business world, with ruthless competition between individuals, groups, and ideas. An assistant professor is much like an entrepreneur establishing a start-up. Competition is valuable in motivating good research and pushing the boundaries of science, but competition at all costs is unhealthy and reduces collaboration that is essential for good science and conservation. Academic careers can last 50-60 years. Collaboration and being a good colleague will pay off in the long-term. Increasing competition is encouraging unethical behavior in science which is often ignored or tolerated. A cutthroat, non-collaborative mindset will lead to failure in conservation, where solution is often based on consensus, compromise, and conflict resolution among multiple stakeholders. What is perceptual learning? Perceptual learning is experiencedependent enhancement of our ability to make sense of what we see, hear, feel, taste or smell. These changes are permanent or semi-permanent, as distinct from shorter-term mechanisms like sensory adaptation or habituation. Moreover, these changes are not merely incidental but rather adaptive and therefore confer benefits, like improved sensitivity to weak or ambiguous stimuli.
Why is it interesting?
Three aspects of perceptual learning make it of general interest. First, perceptual learning reflects an inherent property of our perceptual systems and thus must be studied to understand perception. Second, perceptual learning is robust even in adults and thus represents an important substrate for studying mechanisms of learning and memory that persist beyond development. Third, perceptual learning is readily studied in a laboratory using simple perceptual tasks and thus researchers can exploit well-established psychophysical, physiological and computational methods to investigate the underlying mechanisms.
What is its history? Perceptual learning was among the earliest research topics in perceptual psychology. Studies from over 150 years ago examined traininginduced improvements in the ability to distinguish two points touched to the skin. These improvements included a nearly 100-fold decrease in the distance between two points that could be distinguished when placed on a human subject's back. The improvements were assumed to be too dramatic and rapid to involve changes in the number of peripheral receptors and instead likely involved changes inside the nervous system. This idea has remained a dominant theme of perceptual learning
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since that time, with many studies designed to reveal the nature of the underlying neural changes.
Our understanding of the neural changes responsible for perceptual learning has benefitted greatly from the application of signal detection theory to perception. Signal detection theory is a computational framework that describes how to extract a signal from noise, while accounting for biases and other factors that can influence the extraction process. It has been used effectively to describe how the brain overcomes noise from both the environment and its own internal processes to perceive sensory signals. Many theories and models of perceptual learning are directly in the tradition of signal detection theory, relating improvements in behavior to particular changes in how perceptual systems extract sensory-related signals from noise.
How is it different from other kinds of learning?
Training-induced improvements in performance on perceptual tasks do not, by themselves, imply perceptual learning. Other forms of learning, such as those that establish task rules, associations and strategies, can similarly affect performance. Unlike these higher-order forms of learning, however, perceptual learning involves improved sensitivity independent of cognitive, motor or other, non-perceptual factors. Thus, perceptual learning is often measured as decreases in the strength, quality or duration of a stimulus needed to obtain a particular level of accuracy. Applying signal detection theory to these data can help to distinguish changes in perceptual sensitivity from other factors like choice biases. Identifying such changes in sensitivity in the absence of comparable changes in performance for easily perceived stimuli can further distinguish perceptual learning from higher-order task learning, a particularly important consideration for non-human subjects who must learn task rules by trial and error. In addition, perceptual learning is often, but not always, specific to the stimulus configuration used during training, like the location and orientation of visual stimuli in a texture-discrimination task. Such specificity is unlikely to arise with more cognitive adjustments of task performance.
The relationship between perceptual and associative learning merits further comment. Early theories of perceptual learning-like phenomena focused on associative concepts, like the improved ability to associate meaning with particular stimuli. Even recent studies often use similar conditions to study both forms of learning, which can make principled distinctions between the two difficult. However, perceptual learning is now recognized to involve improved sensory processing independent of associated meaning, sometimes even occurring in the absence of directed attention towards or even perception of the trained stimulus. But even these findings are somewhat complicated, in that association with a reward provided for a different context might be necessary for at least some forms of perceptual learning, and merit further study.
Are there different kinds of perceptual learning? Yes. One of the difficulties in defining perceptual learning is that it can occur under a wide range of conditions that likely reflect an equally diverse set of neural changes. For example, perceptual learning has been described for different sensory modalities, with corresponding changes in different sensory pathways. Moreover, even within each modality, the mechanisms and characteristics of perceptual learning can differ considerably, particularly with respect to two factors: attention and reward processing. Attention to a particular task or task-relevant sensory feature appears to be necessary for some forms of perceptual learning. Under some conditions, however, perceptual learning can occur for features to which focused attention is not directed, although it is not always as strong as when the feature is attended. Thus, attention can either enable or facilitate perceptual learning.
Likewise, reward can enable some forms of perceptual learning. For example, perceptual learning of a visual feature can occur if reward is given even without focused attention to the feature. Other forms of visual perceptual learning are thought to involve reward-driven changes in how the brain forms perceptual judgments. Such changes likely involve the dopaminergic system, which plays a central role in other forms of reinforcement learning and can drive perceptual learningrelated changes in the representation of tones in auditory cortex. The prevalence of such reward-related mechanisms in perceptual learning and their relationship to attentional systems remain active areas of research.
What are the brain mechanisms of perceptual learning? Three approaches have been used to study mechanisms of perceptual learning. The first is inference from behavior. The specificity of perceptual learning to the stimulus configuration used during training has often been used to argue that the changes must occur in early areas of sensory cortex, where information is represented with similar specificity. However, it has also been noted that logically this is not the only possibility, in that more central changes could also, in principle, exhibit such specificity. Another influential theory, called the reverse hierarchy theory, interprets attention-related differences in perceptual learning in terms of different loci of learning from higher to lower processing levels in the brain. More recently, it has been proposed that the key attentional subsystem is related to alerting (as opposed to orienting or executive function), which helps to 'tag' stimulus features to be learned. This idea can help explain the involvement of higher brain areas and the learning of task-irrelevant features when presented concurrently with task-relevant ones.
The second approach combines measures of behavior and brain activity using non-invasive techniques like functional magnetic resonance imaging (fMRI) in human subjects. For example, the blood oxygen-level-dependent (BOLD) signals of fMRI are enhanced in regions of primary visual cortex that correspond to the retinotopic location of a trained visual stimulus after perceptual learning, although at least in some cases the changes in BOLD are more transient than the changes in behavior. Recent work has begun to show the importance of sleep to these kinds of changes in primary visual cortex. Moreover, although several studies have not observed strong BOLD signal enhancement in areas higher than V1, one study found enhancement in not only early visual areas but also the parietal cortex, suggesting the involvement of higher areas in perceptual learning.
The third approach is to combine measures of brain activity and behavior in non-human subjects, typically monkeys. Several influential studies identified changes in primary auditory and somatosensory cortices of monkeys that had been trained on discrimination tasks in those modalities. Similar changes have been found in the visual pathway, although changes found in primary visual cortex were small relative to those found in auditory and somatosensory cortex. A primary challenge for these kinds of studies is how exactly to relate neural and behavioral changes. A recent study exploited extensive prior work relating single-neuron activity in multiple brain regions to behavior on a visual motion directiondiscrimination task to show that, in monkeys learning the task, visual motion processing changed in a sensory-motor but not a sensory area. This work established the first evidence from single-unit studies for perceptual learning-related changes well beyond sensory cortex, in areas that interpret stimuli to form perceptual judgments. How novel traits arise in organisms has long been a major problem in biology. Indeed, the sharpest critiques of Darwin's theory of evolution by natural selection often centered on explaining how novel body parts arose. In his response to The Origin of Species, St. George J. Mivart challenged Darwin to explain the origin of evolutionary novelties such as the mammary gland, asking if it was "conceivable that the young of any animal was ever saved from destruction by accidentally sucking a drop of scarcely nutritious fluid from an accidentally hypertrophied cutaneous gland of its mother?" It is only now that modern molecular and genomic tools are being brought to bear on this question that we are finally in a position to answer Mivart's challenge and explain one of the most fundamental questions of biology: how does novelty arise in evolution?
Defining evolutionary novelties Historically, there have been two research programs in evolutionary biology: the study of adaptation, that is, character modifications that result from natural selection, and the study of speciation, that is, the origin of species. The goal of the former research program is to understanding how natural selection has shaped the morphology, physiology, life history and behavior of organisms to increase their reproductive success while the latter studies how populations split into independent lineages of descent. In recent years, however, a third research program has emerged in evolutionary biology, namely the study of evolutionary novelties. This research program largely originated in the merging of developmental and evolutionary biology and focuses on the evolution of body plans of multicellular organisms. For example, while those studying adaptation and speciation seek to Primer
